Tungsten coating with a thickness of 0.6 mm on reduced-activation ferritic/martensitic steel (RAF/M) F82H (Fe-8Cr-2W) have been produced by Vacuum Plasma Spraying (VPS). Heat flux experiments using an electron beam and quantitative analyses about temperature profiles and thermal stress using FEM have been carried out on the VPS-W coated F82H. In addition, behavior of hydrogen penetration/permeation on the VPS-W coated F82H has been investigated by the tritium (T) tracer technique.
Introduction
The fusion reactor would be planning to be one of the next-generation infrastructure energy source. Tungsten is potential candidate for an armor of the first wall and the divertor plate of the fusion reactor because of its low erosion yield and good thermal properties. In the case of the fusion demonstration reactor (DEMO), neutron damage will be a critical issue.
Structure materials of the first wall/blanket and the cooling channels of the divertor will be made by low activation materials.
Tungsten coated reduced activation materials could be convenient for the first wall/blanket because the thickness of tungsten on the first wall/blanket is designed about 1 mm and the coating technique can be used for this. In the present work, tungsten coating with a thickness of 0.6 mm on reduced-activation ferritic /martensitic steel (RAF/M) F82H (Fe-8Cr-2W) have been produced by Vacuum Plasma Spraying (VPS) 1) . Heat flux experiments using an electron beam and quantitative analyses about temperature profiles and thermal stress using FEM have been carried out on the VPS-W coated F82H to evaluate their possibility as a plasma-facing armor in the fusion device. In addition, behavior of hydrogen penetration/permeation on the VPS-W coated F82H has been also investigated by the tritium (T) tracer technique 2) to understand the role of the VPS-W on T permeation of the first wall/blanket of the fusion reactor
Experimental procedure

Samples
Reduced activation ferritic/martensitic steel used in the present works was F82H (Fe-8Cr-2W). The substrate of F82H was coated with W via VPS 1) . The thickness of the W coating layer was 0.6 mm and its density was 89 % of the theoretical value. In order to suppress oxidation and change of the ferritic/martensitic structure during the spraying processes, bulk temperature of the substrate was kept below 577 o C for VPS. The average size of the W powders for VPS was 18 m. The sample sizes used in the heat loading and the hydrogen penetration/permeation experiments were 10mm x 10mm x 5.6 mm and 7.8mm x 9.4mm , respectively. The VPS-W surface was mechanically polished before the experiments.
Experimental
The facility used for the heat loading experiments was an ) through a = 5mm aperture made of molybdenum.
The operating gas pressure of DCGD was 0.27 kPa and the applied dc voltage was 400V. The loading was conducted at 573K for 2 h. Subsequently, the sample was cut in half perpendicular to the plasma-exposed surface to get the cross-section at room temperature (RT). The T distribution on the cross-sectional surface was analysed by TIP for 24 h at 233 K.
Thermal analyses
The steady state thermal and stress analyses were performed for the VPS-W/F82H in the experimental condition (1) using the finite element code ANSYS. Only 1/4 geometry was considered due to symmetry. The temperature dependence of the materials properties of thermal conductivity, coefficient of thermal expansion (CTE), elastic modulus, Poisson's ratio and emissivity
were taken into account. In addition, in this case, thermal resistance between the VPS-W and F82H was not taken account in the calculation. These mean that thermal and adhesion properties between the substrate and the coatings are good. and VPS-W part, respectively. For Z-direction, it seems that shear stress is not applied, however, the F82H part is much swelled comparing with the VPS-W. In addition, Mises stress was also calculated. The Mises stress is scalar value which is projected one axis stress and is used as fracture strength. In this case, temperature of the VPS-W is above DBTT. Therefore, the VPS-W and F82H are regarded as ductile materials. As a result, it is expected that the strength can be evaluated using Mises stress.
Result and discussion
The calculation results show that stress of 541 MPa was applied near the interface between the VPS-W and F82H. It is considered that stress of VPS-W is below elastic limit judging from the result of tensile test of pure W. However, evaluation may be difficult because mechanical property of VPS-W may be different from that of pure W. On the other hand, because stress of the part of F82H just below the center of electron beam is slightly above 0.2% proof stress 4) , plastic deformation may occur. In this case, stress is relaxed and become diminished. 
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